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Ongoing Work:
• Are studying a Mars orbital atmospheric lidar

Motivations:
• MEPAG reports

• Climate emphasis in Mars chapter of 2011

   Planetary Decadal

• Science measurement needs to allow more

accurate EDL (landings) for robots & people

Objectives:
• Target continuous global measurements of:

  - Wind profiles (in lidar line-of-sight) - for

improving landings & for climate science

  - Dust and ice backscatter profiles
  - CO2 gas column abundance (surf press.)

Mars Climate Lidar - Overview

 Assumptions:
• Mission & spacecraft allow measurements from

~400 km near-polar orbit

Approach:
• Adapt direct detection lidar techniques & new

high efficiency laser technologies

• Stay compatible with a medium size orbiter

• Target readiness for 2018/2020 launches.
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Wind	
  profiles	
  will	
  provide
crucial	
  new	
  informa4on

•	
  Winds	
  regulate	
  the	
  transfer	
  of
gases	
  and	
  heat	
  throughout	
  the
atmosphere,	
  raise	
  dust	
  at	
  the
surface,	
  and	
  are	
  a	
  primary	
  player
in	
  all	
  surface-­‐atmosphere
interac7ons

•	
  Measured	
  wind	
  profiles	
  provide
sensi7ve	
  input	
  and	
  needed
valida7on	
  for	
  improving	
  current
GCM	
  models

•	
  Winds	
  are	
  of	
  cri7cal	
  importance
for	
  the	
  safety	
  and	
  precision	
  of
spacecra>	
  entry,	
  descent	
  and
landing	
  (EDL)	
  on	
  Mars

Why Global Wind Measurements ?

Calculated "gradient winds" (m/sec) for season Ls=270, inferred from latitude
gradients of temperature. Presently, this is the best way to estimate global-scale
winds from observations. They describe in a very broad sense the general modeled
winds from GCMs.  Shortcoming are these require lots of assumptions, don't work
near the equator, only give zonal (east-west) winds, don't include weather or any
local phenomena, and are not very precise.
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Simultaneous	
  measurement	
  of
wind,	
  gas	
  abundance	
  and
aerosol	
  profiles	
  maximizes
science	
  return

•	
  Dust	
  aerosols	
  interact	
  strongly	
  with
IR	
  radia7on,	
  driving	
  atmospheric
mo7ons	
  at	
  all	
  spa7al	
  scales.

•	
  Water	
  ice	
  clouds	
  play	
  an	
  important
role	
  in	
  the	
  water	
  cycle	
  altering	
  the
global	
  transport	
  and	
  distribu7on	
  of
water	
  vapor

•	
  LIDAR	
  observa7ons	
  over	
  a	
  range	
  of
local	
  7mes	
  will	
  provide	
  a	
  self-­‐
consistent	
  data	
  set	
  enabling	
  new
understanding	
  of	
  many	
  important
processes	
  including	
  circula7on,
waves,	
  radia7ve	
  balance,	
  and	
  the
transport,	
  sources	
  and	
  sinks	
  of	
  trace
gases

Why these measurements together ?

Summary of of current climatology as retrieved from TES.
Dust (top), atmospheric temperatures (2nd panel), water ice clouds (3rd panel) and
water vapor (bottom) are all interrelated.  Dust warms the atmosphere. Dust and
water ice clouds are anti-correlated.  Water ice clouds and water vapor are related.
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Mola/MGS Cloud Measurements
(Neumann et al., JGR, 2003)

Reflective Clouds:
Examples and distribution

Absorptive Clouds:
Distribution

MOLA (D. Smith/PI)
Direct Detection Lidar

Nd:YAG laser, Si APD detector
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Lidar Measurements of the Mars Atmosphere from the Surface on
the Phoenix Lander  (J. A. Whiteway et al., 2008, 2010, 2011)

Phoenix lidar (Nd:YAG laser &
direct detection)
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Aug 17

Aug 18Aug 19Aug 20Aug 21
Aug 22Aug 23

5 km

(Z. Liu et al., JGR 2008)

Aerosol Backscatter Profiling
Lidar measurements from

Earth Orbit

D. Winker/PI
 NASA LaRC

 

CALIPSO Lidar Mission
Earth Orbit, Atmospheric Structure

NASA LaRC
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Wind Lidar for Earth to be Launched 2014
ESA’s ADM-Aeolus Wind Lidar Mission

ALADIN Lidar for Earth:
• Need high resolution to improve Earth weather models
• Measures Doppler shift of broad Rayleigh scatter from
clean air
     =>  355 nm laser
• Laser is power inefficient (~1%) & difficult (UV)
• Backscatter spectrum is varying mix of Mie & Rayleigh
scattering
• All these result in a large complex lidar, needing ~800W
power

 Measures Line of
sight winds via lidar

in Earth Orbit

Wind lidar for Mars atmosphere
• Measurement requirements aren’t nearly as
demanding
• Mie scattering (fine suspended aerosol
(dust)) dominates (by far)
• Very narrow backscatter spectrum simplifies
receiver
• Allows a smaller, simpler lidar working in
VIS/NIR
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Examples of Airborne Lidar Measured CO2 Line shapes vs Altitude
GSFC CO2 Sounder over SGP ARM Site - August 4, 2009

• Absorption increases with altitude
• Smooth line shapes at all altitudes !
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• Integrated Path differential
absorption (IPDA) technique

1572.33 nm
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Candidate CO2 absorption Regions
For CO2 column density (pressure) measurement

Are isolated CO2 lines with
suitable strengths to measure
Mars column density near
1533 & 1567 nm

1572.33 line targeted
for Earth for
ASCENDS mission

Mars Atmosphere has ~x15
times the CO2 column
abundance => target weaker
CO2  lines
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Mars Climate Lidar - Instrument Diagram
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Some High Efficiency Lidar components
 being developed for Space (most with NASA ESTO support)

	
  

νn
Ser vo DFB

ν1

ν2

Ser vo

Ser vo

DFB

DFB

ν0
ν2
ν3

ν4 ν5

ν1

ν6

ν3
Ser vo DFB

Multiple lasers and modulators

MZM

Fi
be
rs
pl
itt
er

M ZM

MZM

MZM

Fi
be
rc
om
bi
ne
r

Maste r
laser

P ulse
train

ν1 ν2 ν3 ν4 ν5 ν6 ν7 ν8 ν1

ν7

ν8

Precise frequency-stepped
laser seeder

(< 1 MHz stability)
J. Chen & K. Numata, GSFC

Xiaoli Sun, GSFC

High Sensitivity NIR Detector
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Mars Climate Lidar Study - Status

Preferred Mars Mission:
• ~Circular polar orbit ~400 km altitude
• Non-synchronous (variable time of day) orbit

Heritage:
• Well-established direct detection lidar approach
• Similar measurements  demonstrated from the
ground (Earth & Mars), aircraft & from orbit

Technology Leverage:
• New laser & detector technologies from NASA ESTO
      & from industry; => (~x10-x15) lower power

One Configuration Concept (70 cm diam. tel):

Estimated Capabilities:
• Continuous global measurements of atmospheric:

     CO2 column abundance (surf pressure): < 2 %

     Backscatter profiles: < 2%, 2 deg latt, 2 km vert

     Wind profiles:     ≤ 3 m/sec, 2 deg latt, 2 km vert

     Depolar. (ice-dust discr.) profiles < 5%

• Readout resol: ~100 m vertically, 1 Hz rate

Why these measurements ?
• Directly address high priority needs for Mars:

• 2011 Planetary Decadal Survey

• Strategic knowledge gaps in Mars program

71
1 

m
m
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